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DISK APPARATUS 

Background of the Invention 
The present invention relates to a disk apparatus, and in 
5 particular to a sector address generation method in which information 
on defects of tracks to be accessed by a head can be detected with a 
smaller number of times of accessing, without depending on their 
storage locations. 

Recently, a disk apparatus is rapidly becoming smaller-sized, 
10 faster, more sophisticated and cheaper. In particular, there is a 
tendency to become larger in storage capacity, so that a unit area 
recording density is improved to be more than 10 Gbit per one inch 
square. Such a high-density storage generates many 
failure-generating sectors, which can not be used as sectors. The 
15 number of defective sectors of a storage capacity is less than about 
0.1 % at maximum. A hot-selling 3.5-inch disk apparatus has a 
capacity of about 20 GB, and the maximum number of defective sectors 
is: 

(20 GB x o.l %)/512 Bytes - about 40,000 sectors. 

20 At present, recording density of a disk apparatus is increased at a pace 
that capacity is doubled in a year. Thus, three years later, the number 
of defective sectors will exceed 150,000 sectors. A disk apparatus 
reads and writes data from a host, while performing processing in 
which defective sectors are avoided as unusable sectors. This 

25 processing is called defective sector processing. 

The defective sector processing will be described in detail 
referring to a diagram of Fig. 32 explaining conversion of a host logical 
number to a disk physical number, and referring to a sector allocation 
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map of Fig. 7 for sectors including defective ones. Fig. 32 is a diagram 
showing a relation between a number designated by a host and a 
physical number indicating a physical location. The host sends a disk 
apparatus designation of a sector in terms of a host logical CHS 
5 number 3201, which is a Cylinder-Head-Sector number (hereinafter, 
referred to as a CHS number) in the disk apparatus as seen from the 
host, or in terms of a host logical LBA number 3205, which is a Logical 
Block Address number (hereinafter, referred to as an LBA number) 
simply as a serial number. 
10 Here, a host logical CHS number 3201 consists of a host logical 

head number 3202, a host logical cylinder number 3203, and a host 
3 logical sector number 3204. Further, in the case of a host logical LBA 

number, a host logical LBA number [27:0] consists of three LBA 

1 numbers 3206, 3207, and 3208. 

0 15 On the side of the disk apparatus, an MPU contained in the 

. disk apparatus reads the logical CHS number or the logical LBA 

number set by the host, to specify an actual sector number. Or, the 
□ actual sector number may be specified by a hardware conversion unit. 

2 This result becomes a disk physical CHS number 3209. This disk 
20 physical CHS number 3209 consists of a disk physical head number 

3210, a disk physical cylinder number 3211, and a disk physical sector 
number 3212. Using a pair of disk physical head number 3210 and 
disk physical cylinder number 3211, a magnetic head can be located. 
This disk physical CHS number indicates an actual location where the 
25 host wishes to read or write. Thus, the sector concerned is found 
based on this number, to read or write data. [27:0] indicates the host 
LBA number from bitO to bit27, namely 28 bit bus width. 

Fig. 7 shows a sector allocation map. A disk apparatus 
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records data into sectors on a medium 701. As an ordinary technique 
of increasing its capacity, the medium utilizes Zone Bit Recording. 
Fig. 7 shows a case of three zones, i.e., ZONEO 702, ZONE1 703 and 
ZONE2 704. Within a zone, there are a plurality of tracks 706 - 710, 
5 each consisting of a plurality of sectors in a circumference. Here, in 
Fig. 7, the reference numerals 706 - 710 refer to actual tracks within the 
ZONE1. One track contains A + 1 sectors 0 - A (A + 1 sectors/ track), 
and the ZONE1 contains n + 1 tracks, i.e., track m - track m + n (n + 1 
tracks/ zone), which a user can handle. Further, the figure shows that 

10 a track L 710 is a substitute track used for replacing a defect sector in 
the same ZONE1. 

Further, the figure shows a case where, between adjacent tracks, 
there is provided a skew for processing the next sector, such that the 
head is located at a leading sector in the next track just when the 

15 moving time of the head is finished after the head processed the last 
sector in the current track. Fig. 7 shows a case where the skew value 
is 2 sectors. Although a physical sector number is thus assigned to 
each sector, there exist some defective sectors that can not be used, 
among the sectors. A number of such a sector should be replaced by a 

20 number of a normal sector. As a method of replacing, there are two 
methods, i.e., a slip processing 711, where sectors are shifted one by 
one, and a skip processing 712, where a defective sector is replaced by 
another area. Accordingly, in order to specify a sector, it is necessary 
to take slips or skips into consideration to specify a disk physical 

25 number (called a disk physical CHS number) allocated from the top of 
the disk apparatus. 

Using the MPU, the disk apparatus obtains a disk physical CHS 
number from a host logical CHS (LBA) number designated by the host. 
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Then, after the head is positioned at the track concerned, the disk 
apparatus performs sector number control, utilizing defect control 
information (defect management information) for performing the slip 
or skip processing for that track. For example, in the sector allocation 
5 map shown in Fig. 7, it is assumed that the sector designated by the 
host exists on the track m + n. The track m + rt is specified in the 
manner explained in the above-mentioned Fig. 32. For example, it is 
assumed that read or write is performed from the sector (A-2n-4). 
After the head reaches the sector (A-2n-4), access processing to the 

10 sector (A-2n-4) is performed. Next, when the sector (A-2n-3) and the 
following should be accessed, it can be known from defect 
management information (defect control information) prepared in 
advance in the apparatus that two consecutive sectors including the 
sector (A-2n-3) are defective sectors, and they are skip sectors assigned 

15 with substitutes. It is seen that this sector (A-2n-3) has a substitute 
sector on the track L, and accordingly, the sector in question on the 
track L is accessed. Finishing the skip processing, the access 
processing is returned to the sector (A-2n-l) and the following on the 
original track m + n. When the processing is finished until the sector 

20 (A-2n+l), it is seen from the defect management information that the 
sector (A-2n+2) should be subjected to slip processing. Accordingly, 
no processing is performed on this sector, moving to the next sector 
(A-2n+3). Thus, to perform defect processing, it is necessary to find 
information on a track that is to be currently accessed by the head, 

25 searching the defect management information prepared in advance. 

As capacity of a disk apparatus becomes larger, the number of 
defective sectors per apparatus becomes larger. This causes 
deterioration of performance of the apparatus, since time for searching 
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defect control information on the disk apparatus increases as the defect 
management information increases. As a measure against 
deterioration of performance, may be mentioned a technique disclosed 
in Japanese Unexamined Patent Laid-Open No. 11-7730. This 
5 conventional technique achieves high-speed defect processing, by 
preparing information that indicates existence of defects for each track, 
pointer information that indicates where is management information 
indicating defect sector information on the defective track 
corresponding to the above-mentioned information, and the 
10 management information mentioned. 

Summary of the Invention 
According to the above-mentioned conventional technique, 
information is managed using three separate areas, i.e., an area that 

15 indicates the information on existence of defects for each track, an area 
that stores the pointer information indicating places where the actual 
defect control information corresponding to the above-mentioned 
information exists, and an area that stores the actual defect control 
information. Usually, these pieces of information are stored in a 

20 buffer area. Since three separate areas store these pieces of 
information, at least three accesses to the buffer area are required. 
The buffer is used for adjusting a data transfer rate between the host 
and the disk, or used as a cache, and used close to the limit of the 
buffer's performance in terms of the data transfer rate. Thus, it is 

25 undesirable to make many additional accesses to the buffer. 

The area that stores the defect control information is necessary 
for defect control. The other areas, i.e., the area that indicates 
information on existence of defects for each track and the area that 
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stores the pointer information indicating places where the actual defect 
control information are required for efficiently performing defect 
control. These other areas are not used for the actual defect control 
for a track to which the head accesses. 
5 Further, as the capacity of the apparatus becomes larger, these 

two areas, i.e., the area that indicates the information on existence of 
defects and the area that stores the pointer information become larger. 
The conventional technique considers neither efficient buffer access 
nor a method of reducing the above-mentioned two areas. 

10 Thus, an object of the present invention is to provide a disk 

apparatus that can efficiently perform defect control. Another object 
of the present invention is to provide a disk apparatus that can further 
reduce volume of control information. 

To attain the above-mentioned objects, the present invention 

15 provides a disk apparatus in which a storage means stores pieces of 
defective track information, which each indicate existence of defective 
tracks for a group of a plurality of tracks, into storage areas at 
addresses corresponding to pieces of physical track number 
information. Further, the storage means stores pieces of defect 

20 information on defective tracks, in predetermined groups. Further, 
the storage means stores pieces of pointer information that indicate 
start addresses of the storage areas corresponding to the 
above-mentioned predetermined groups, respectively. When the 
processing means receives an instruction of read or write to a track of a 

25 storage medium, the processing means refers to a piece of defective 
track information based on the above-mentioned addresses. When 
existence of a defective track is indicated, the processing means refers 
to a piece of pointer information corresponding to the group relating to 
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the referred piece of defective track information, Then,, the processing 
means sequentially accesses the pieces of defect information from the 
storage area indicated by the above-mentioned piece of pointer 
information, to detect a piece of defect information of the track as the 
5 object of instruction. And, the processing means performs defect 
processing on the defective track based on the defect information 
detected. 

Brief Description of the Drawings 
10 Fig. 1 is an explanatory diagram showing a method of 

accessing defect information in a disk apparatus according to one 
embodiment of the present invention; 

Fig. 2 is a format diagram (TYPE1) for a defective track 
information storage area in a disk apparatus according to one 
15 embodiment of the present invention; 

Fig. 3 is an explanatory diagram (TYPE1) showing an example 
of format of a defective track element for tracks in a disk apparatus 
according to one embodiment of the present invention; 

Fig. 4 is an explanatory diagram (TYPE1) showing an example 
20 of format of defect table information storage address in a disk 
apparatus according to one embodiment of the present invention; 

Fig. 5 is a defect table information storage address base 
selection diagram for a disk apparatus of one embodiment according to 
one embodiment of the present invention; 
25 Fig. 6 is a format diagram (TYPE1) for a defect table 

information storage area in a disk apparatus according to one 
embodiment of the present invention; 

Fig. 7 is a sector allocation map that includes defects of a disk 
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apparatus according to one embodiment of the present invention; 

Fig. 8 is an explanatory diagram showing information required 
for a defect element/ in a disk apparatus according to one embodiment 
of the present invention; 
5 Fig. 9 shows format diagrams (first) for a defect element in a 

disk apparatus according to one embodiment of the present invention; 

Fig. 10 shows format diagrams (second) for a defect element in 
a disk apparatus according to one embodiment of the present 
invention; 

10 Fig. 11 is a format diagram for control information in a disk 

apparatus according to one embodiment of the present invention; 

Fig. 12 is a block diagram showing an electronic circuit of a 
disk apparatus according to one embodiment of the present invention; 

Fig. 13 is a block diagram showing a sector address number 
15 (ID) generation unit in a disk apparatus according to one embodiment 
of the present invention; 

Fig. 14 shows explanatory diagrams (TYPE1) for explaining 
apparatus capacity and defective track information storage capacity of 
a disk apparatus according to one embodiment of the present 
20 invention; 

Fig. 15 shows explanatory diagrams (TYPE1) for explaining 
apparatus capacity and defect table information storage capacity of a 
disk apparatus according to one embodiment of the present invention; 

Fig. 16 is an explanatory diagram for explaining (in an 
25 example) moving directions of a head of a disk apparatus according to 
one embodiment of the present invention; 

Fig, 17 is an explanatory diagram for explaining (in an 
example) a relation between a head moving direction, a cylinder and a 
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head in a disk apparatus according to one embodiment of the present 
invention; 

Fig. 18 is an explanatory diagram (TYPE2) for explaining a 
format of a defect information storage area in a disk apparatus 
5 according to one embodiment of the present invention; 

Fig. 19 is an explanatory diagram (TYPE3) for explaining a 
format of a defect information storage area in a disk apparatus 
according to one embodiment of the present invention; 

Fig. 20 is an explanatory diagram showing examples of a 
10 comparison object register 504 and a defect table information storage 
base address 505 of a buffer corresponding to the comparison object; 

Fig. 21 is an explanatory diagram (TYPE2-A) for explaining a 
defective track information storage format in a disk apparatus 
according to one embodiment of the present invention; 
15 Fig. 22 is an explanatory diagram (TYPE2-B) for explaining a 

defective track information storage format in a disk apparatus 
according to one embodiment of the present invention; 

Fig. 23 is an explanatory diagram (TYPE3) for explaining a 
defective track information storage format in a disk apparatus 
20 according to one embodiment of the present invention; 

Fig. 24 shows explanatory diagrams (TYPE2) for explaining 
apparatus capacity and defect table information storage capacity of a 
disk apparatus according to one embodiment of the present invention; 

Fig. 25 shows explanatory diagrams (TYPE3) for explaining 
25 apparatus capacity and defect table information storage capacity of a 
disk apparatus according to one embodiment of the present invention; 

Fig. 26 shows explanatory diagrams for comparing numbers of 
times of accessing a buffer until reaching a target defective track in a 
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disk apparatus according to one embodiment of the present invention; 

Fig. 27 is an explanatory diagram (first) for explaining a 
method of generating an offset address of defective track information 
in a disk apparatus according to one embodiment of the present 
5 invention; 

Fig. 28 is an explanatory diagram (second) for explaining a 
method of generating an offset address of defective track information 
in a disk apparatus according to one embodiment of the present 
invention; 

10 Fig. 29 is an explanatory diagram (TYPE4) showing an example 

of format of defect existence information for tracks in a disk apparatus 
according to one embodiment of the present invention; 

Fig. 30 is an explanatory diagram (TYPE4) showing an example 
of format of defect table information storage address in a disk 
15 apparatus according to one embodiment of the present invention; 

Fig. 31 is a diagram for comparing various systems for a disk 
apparatus according to one embodiment of the present invention; and 

Fig. 32 is an explanatory diagram for explaining conversion 
from a host logical number to a disk physical number in a disk 
20 apparatus according to one embodiment of the present invention. 

Detailed Description 
Now, an embodiment of the present invention will be described. 
The present embodiment will be described taking the case where a 
25 magnetic disk apparatus is used as a storage apparatus, and a magnetic 
disk as a storage medium. 

In the case where a magnetic disk apparatus is used as the 
storage apparatus and a magnetic disk as the storage medium in the 
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present embodiment, a circuit configuration will be described. Fig. 12 
shows a block diagram of the disk apparatus, and Fig. 13 shows a 
configuration of a control circuit inside the disk apparatus. 

In Fig. 12, the disk apparatus 1212 comprises: an MPU 1205 for 
5 performing overall control; a data processing unit 1202 for sending and 
receiving data to and from a host computer; a data buffer 1209 for 
holding data such as defect management information for performing 
defect control; a flash memory FLASH 1215; an R/W circuit 1201 for 
performing read and write control; a mechanical unit for holding the 

10 magnetic disk; and a mechanism control unit 1211 for controlling the 
mechanical unit. 

The mechanical unit 1214 comprises a magnetic head 122, a 
spindle motor 1216 for rotating the medium, and a VCM (Voice Coil 
Motor) 1215 for driving the magnetic head, and can hold the storage 

15 medium 1221. 

The data processing unit 1202 comprises: an MPU I/F control 
unit 1204 as an interface with the MPU 1205; an ID generation unit 
1223 for generating a sector address number; a host bus I/F control 
unit 1210 as an interface with the host computer 1213; a disk formatter 

20 control unit 1203 for controlling an interface of a disk drive and for 
controlling a disk format; a buffer management unit 1207 for 
controlling the buffer; and an ECC processing unit 1208 for performing 
error processing. 

Referring to Fig. 12, operation at the time of standard data read 

25 will be described. In Fig, 12, will be considered the case where the 
disk apparatus 1212 and the host computer 1213 are connected with 
each other through a standard interface. First, the host computer 1213 
sends a data read instruction to the disk apparatus 1212 according to 
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an interface protocol. When the disk apparatus 1212 receives the 
command through the host bus I/F unit 1210 in the data processing 
unit 1202 of the disk apparatus 1212, then, the received command is 
sent to the MPU 1205. The MPU 1205 interprets this command, and 
5 starts operation of data read from the sector concerned of the drive. 
The MPU 1205 instructs the mechanism control unit 1211 to make it 
possible to read data from the sector in question in the mechanical unit 
1214. The mechanism control unit 1211 reads a head position signal 
from the R/W circuit 1201 and controls the VCM 1215 in the 
10 mechanical unit 1214 to position the magnetic head 1222 at the track 
concerned on the medium 1221. Thus, the magnetic head 1222 reads 
the data. 

Data in a servo area read from the medium 1221 is taken in as 
serial pulse data by the ID generation unit 1223 through the R/W 

15 circuit 1201. The ID generation unit 1223 performs byte sink detection, 
and performs serial-parallel conversion based on the results. As a 
matter of course, this operation may be performed by the R/W circuit 
1201. Further, when the ID generation unit 1223 correctly reads a 
servo ID, the ID generation unit 1223 calculates a physical sector 

20 number from the value of the servo ID. Then, the ID generation unit 
1223 performs logical operation after defect processing and delivers a 
logical sector number to the disk formatter control unit 1203, thus 
performing an ID-less processing. Here, in the ID-less processing, a 
number for specifying a data sector is not specified by a data sector ID 

25 area stored, in the medium, before a data sector, but the data sector 
number is specified on a circuit by a servo sector number. Nowadays 
this is widely applied in a disk apparatus. Specifically, the circuit of the 
disk apparatus specifies a servo sector number stored in a servo sector 
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area or a servo sector number from a servo sector having an index mark, 
one of which exists every one turn of a disk . This servo sector is 
followed by data sector format or data sector number information of data 
sector area, which is stored in the disk apparatus in a manner to be 
5 handled on the circuit with the servo sector number as an argument 
Accordingly/ the data sector number can be specified from the servo 
sector number, even though the data sector ID area does not exist on the 
disk. The foregoing is an outline of the ID-less processing. In 
accordance with this ID-less processing, it is judged if the sector in 

10 question is the desired sector. Then, when it is the desired sector, 
data is read through the R/W circuit 1201. The R/W circuit 1201 
converts an analog signal into an NRZ (Non Return to Zero) signal. 
This NRZ signal is taken in by the disk formatter control unit 1203 in 
the data processing unit 1202. 

15 Next, the disk formatter control unit 1203 sends the read data 

to the ECC processing unit 1208 and to the data buffer 1209 through 
the buffer management unit (BM) 1207. When the disk formatter 
control unit 1203 receives a report from the ECC processing unit to the 
effect that no error has generated, then, the disk formatter control unit 

20 1203 causes the data, which is stored in the data buffer 1209, to be 
transferred to the host computer 1213 through the host bus interface 
control unit 1210. 

The ID generation unit 1223 performs defect control efficiently. 
Fig. 13 shows a detailed configuration of the ID generation unit. In 

25 Fig. 13, the ID generation unit 1223 comprises a physical sector number 
generation unit 1301 for generating a physical sector number, and a 
defect processing unit 1302 for performing defect processing. 

From the MPU 1205, the physical sector number generation 
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unit 1301 receives a servo gate (SG), which is read from the medium 
and used for positioning the head, an index pulse (IDXP), which 
expresses the top of the track, and a drive fault (DFLT) signal, which 
urgently advises that head positioning control has failed. Then, using 
5 the current sector format information, the physical sector number 
generation unit 1301 generates a physical sector number for the case 
where no defect exists, and sends the generated physical sector number 
to the defect processing unit 1302. 

The defect processing unit 1302 informs the disk formatter 

10 control unit 1203 of the target physical sector number SPSN[15:0] 
(Skewed Physical Sector Number) to which access is desired. Here, 
when the desired target physical sector is a current defective sector, 
the defect processing unit instructs alternate Physical Target Number, 
which is a substitute destination. Further, the defect processing unit 

15 1302 inquires of the buffer management unit (BM) 1207 if there exists 
defect information on the track corresponding to the target physical 
track number, to search for defect management information stored in 
advance in the buffer 1209. When it is found that the track to be 
accessed is defective, then, the defect processing unit 1302 obtains the 

20 defect table information required for the defect control, from the data 
buffer 1209 through the buffer control unit 1207. And, the defect 
processing unit 1302 performs defect control processing based on the 
physical number generated by the physical sector number generation 
unit. Based on the results, the defect processing unit 1302 informs the 

25 disk formatter control unit 1203 of the required control information 
such as the kind (a skip sector or a slip sector) of the sector over which 
the head is currently passing, the sector number, a sector pulse 
indicating the top of the sector, and the like. 
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Next, a method of accessing defect information in the defect 
processing unit 1302 of the disk apparatus 1212 will be described in 
detail. Fig. 1 is an explanatory diagram showing a method of 
accessing defect information. Figs. 2, 3 and 4 are explanatory 
5 diagrams showing a format of a defective track information storage 
area and its details. 

In the present embodiment, the defective track information is 
stored into pairs of an area for defect existence information and an area 
for its corresponding pointer information, those pieces of information 

10 being required for efficient defect control. Further, the defect 
existence information is expressed for groups of n tracks (n is a 
selectable integer more than or equal to 1). Further, each piece of the 
pointer information is expressed as an offset from a base address 
whose argument is a track accessed by the head. 

15 Fig. 1 shows, in the disk apparatus 1212, an example of 

processing performed after the MPU 1205 calculates a physical number 
to be actually accessed by the head, from a logical number given by the 
host. In Fig. 1, this physical number is decided as shown as the disk 
physical CHS number 101. This physical CHS number consists of a 

20 disk physical head number 102, a disk physical cylinder number 103 
and a disk physical sector number 104. A pair of the disk physical 
head number and the disk physical cylinder number can specify the 
track as an object of current access. This pair is shown as the target 
address 106. The disk apparatus is provided with a buffer 107. The 

25 buffer 107 has a defective track information storage area 108 that stores 
information (defect existence information for tracks) indicating 
existence of defects for physical tracks and stores a pointer (storage 
address for the top defect table information) pointing to the top area 
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that stores information required for performing defect control on the 
track concerned. Further, the buffer 107 has a defect table information 
storage area 112 for storing information required for performing defect 
control. The defect table information storage area 112 stores 
5 information in order of defective track's number. The top defect table 
information storage address indicates a top address in the defect table 
information storage area 112. The defect table information storage 
area 112 stores a cylinder number, a head number, a byte count of 
stored information, and a kind of processing (skipping or slipping as 

10 defect information in the track), in order of defective track's number. 

In Fig. 1, the base address 105 of the defective track 
information storage area is written as BASE a. The defective track 
information storage area is arranged such that this information BASEa 
together with the target address 106, which is calculated from the track 

15 that the head is to access, can specify the reference destination in the 
defective track information storage area, to check existence of defects 
in the track in question. In Fig. 1, each defect existence information 
indicates existence information for sixteen tracks. With respect to a 
defective track having the smallest number among the sixteen tracks, 

20 the corresponding storage address in the defect table information 
storage area is stored as the top defect table storage address. When a 
defect is found in a track accessed by the head, then, owing to this 
format, the ID generation unit 1223 can detect a storage location of the 
appropriate required defect table information 113 in the defect table 

25 information storage area, based on a base address BASEa 111 of the 
buffer area in which the defect table information is stored and the top 
defect table storage address stored in the defective track information 
storage area. 
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In the present embodiment, among defective tracks in the 
sixteen tracks, only the top defect table storage address of the top 
defective track is stored. With respect to the other defective tracks 
than the top defective track, their respective pieces of defect table 
5 information are stored from the address adjacent to the top defect table 
storage address and in ascending order of track number. Accordingly, 
those pieces of defect table information can be found by sequentially 
accessing the defect table information. Since these pieces of 
information are stored in order of track number of defective track, it 

10 does not happen to search all over the buffer for a long time. 

Fig. 2 shows a detailed format of the above-described defective 
track information storage area 108. 

In Fig. 2, the defective track information storage area 108 stores 
defective track information in order of head number, i.e., defective 

15 track information 204 for a head 0, defective track information 207 for a 
head 1, and so on. Defective track information for each head contains 
defective track elements for groups of sixteen tracks. For the head 0, 
there exist a defective track element 0 201, a defective track element 1 
202, and a defective track element n. For the head 1, defective 

20 track elements are constituted by a defective track element 0 205, a 
defective track element 1 206, ... Each track element consists of defect 
existence information for tracks and a top defect table information 
storage address. Here, the top defect table information storage 
address is a storage address of defect table information of the defective 

25 track having the smallest track number among the defective tracks 
indicated in the defect existence information. 

Fig. 3 shows an example of a format of a defective track 
element for tracks. As previously described, the defective track 



17 



Fax:045-316-3710 20013 12B10B<fl> 20=52 P. 21 

HT1728 

element 0 201 has the defect existence information for tracks and the 
top defect table information storage address. Here, each bit of the 
defect existence information 301 for tracks indicate whether a defect 
exist in cylinder 15-0 for the head 0. A bit is set to 1 when the 
5 corresponding track has a defect. When there are a plurality of 
defects in the cylinders 15 - 0, i.e., when 1 is set to a plurality of bits, 
then, the address that stores defect table information of the smallest 
track number is stored as the top defect table information storage 
address. 

10 Fig. 4 shows an example of the defect table information storage 

address of a defective track element. In Fig. 4, the bits show defect 
existence information for the cylinders 0-15 respectively, in sequence 
from the bit on the right end. In the case shown, defects exist in the 
cylinders 5 and 13 of the head 0. And, as the defect information 

15 storage address 402, is stored the address referring to defect table 
information used for controlling the defect in the cylinder 5 of the head 
0. 

Next, a method of selecting a base address for the defect table 
information storage area will be described. Fig. 5 is a diagram for 

20 explaining a method of selecting a base address for the defect table 
information storage area. 

In Fig. 5, a track accessed by the head can be specified by a 
disk physical head number 501 and a disk physical cylinder number 
502. The ID generation unit 1223 judges if the track in question has 

25 defects, based on the disk physical head number and the disk physical 
cylinder number, and referring to the defect existence information 401 
shown in Fig. 4. When there exists a defect, the defect table 
information storage address 402 is referred to. The defect table 
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information storage address 402 has a bit width that can express all the 
addresses of the buffer space where the data is stored. For example, 
when the buffer is 32 MB, the defect table information storage 402 has a 
24-bit width. In the present embodiment, in order to narrow the 
5 range of the storage addresses in the buffer, the bit width of the 
defective track information storage address 402 is further reduced. To 
that end, address ranges are provided so that the each address range 
can be expressed by a disk physical head number and a disk physical 
cylinder number, while providing in advance a comparison object 

10 register 504 and defect table information storage base addresses 505 of 
the corresponding buffer areas. In the present embodiment, the table 
information storage area is partitioned into groups according to track 
numbers, and a starting location of each group is expressed by a base 
address. This grouping is performed by comparison with addresses of 

15 comparison objects. 

Fig. 20 shows an example of the comparison object register 504 
and the defect table information storage base addresses 505 of the 
corresponding buffer areas. As shown in Fig. 20, each group of track 
numbers is set as a comparison object. Further, correspondingly to 

20 each group, a defect table information storage base address 505 is set. 
Magnitude comparison 503 is performed for judging which range of 
comparison object contains the address in question, which is expressed 
by the disk physical number and disk physical cylinder number 
accessed by the head. The defect table information storage base 

25 address corresponding to the group found from the magnitude 
comparison is substituted into the defect table information storage base 
address 111. By this arrangement, the top defect table information 
storage address (which is an item in a defective track element in the 
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defective track information) does not require the bit width 
corresponding to the bus width of the buffer that stores the defect table 
information. Thus, buffer memory used for the defective track 
information can be suppressed. According to the above-described 
5 method, it is possible to reduce defective track information that is 
prepared for efficiently searching for appropriate defect table 
information, thus realizing a sector address generation device for a 
disk apparatus, which can reduce buffer capacity. 

Next, the defect table information storage area will be 

10 described. Fig. 6 shows a format of the defect table information 
storage area used for controlling defects. Fig. 6 shows a defect table 
format 601 for one track, and the format includes a disk physical head 
number and a disk physical cylinder number. Further, the format 
includes a defect byte count, which indicates largeness (the number of 

15 bytes) of defect information for one track, and defect elements (skip 
information, slip information, and the like) each indicating defect 
information for each sector. Instead of the defect byte count, a 
predetermined code (FFFFh in the figure) or the like may be placed to 
indicate a boundary of the defect table information for one track. This 

20 can make control by hardware easy. 

Next, Fig. 8 shows details of a defect element. As shown in 
Fig. 8, as a defect element, there are skip information for instructing 
skip, slip information for instructing slip, end physical sector 
information indicating the end physical sector number among the 

25 usable (non-defective) sectors, and the like. By managing these pieces 
of information in terms of physical sector numbers from a physical 
index position, these pieces of information are not affected by change 
of a skew value. And thus, it is not necessary to change the defect 
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element information even if the track format is changed. 

Figs. 9 and 10 shows defect element formats in detail. Fig. 
9(1) shows a skip format for one sector only, Fig. 9(2) a skip format for 
two or more continuous sectors, Fig. 10(3) a slip format for one sector 
5 only, Fig. 10(4) a slip format for two or more continuous sectors, Fig. 
10(5) a format for the end sector in the track concerned, and Fig. 10(6) 
is a format for a boundary of the defect table. Fig. 11 shows details of 
CTRL. This CTRL is control information for identifying each format. 

In Figs. 9 and 10, AP-HD (Alternate Physical Head), AP-CYL 

10 (Alternate Physical Cylinder), AP-SCT (Alternate Physical Sector) 
indicates a physical head number, a physical cylinder number and a 
physical index base sector number of a substitute, respectively. 
DP-SCT (Defective Physical Sector) indicates a physical index base 
sector number where a defect has currently occurred. DP-SCTCNT 

15 (Defective Physical Sector Count) indicates the number of continuous 
defective sectors. EP-SCT (End of Physical Sector) indicates the 
physical index base sector number of the end sector among the 
effective sectors in the track concerned. Using these formats, each 
defect element can be specified. For example, when one sector skip is 

20 to be expressed according to Fig. 9(1), "1" is set to CTRL[5] and "0" is 
set to CTRL[4]. Further, a substitute sector is specified by AP-HD, 
AP-CYL and AP-SCT. Further, DP-SCT indicates a sector number of a 
defective sector. 

Figs. 14 and 15 show an example of trial calculation of buffer 
25 capacity required for the defective track information and buffer 
capacity required for the defect table information of the disk apparatus 
according to the present embodiment. In particular, Fig. 15 shows 
calculations in the case where the defect occurrence rate is on the level 
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of an ordinary apparatus, i.e., 0.1 % to the capacity of the apparatus, 
and in the case where the rate is tenfold, i.e., 1 %. 

In Fig. 14, the horizontal axis indicates a disk capacity of the 
disk apparatus, and the vertical axis indicates buffer capacity required 
5 for holding the defective track information. For example, when the 
capacity of the disk apparatus is 20 GB and the number of track sectors 
is 512 sectors/ track, then, in the present embodiment, the defective 
track information storage area requires 19.1 KB, since existence of 
defective sectors is indicated for each track (16 bits - 16 tracks), 

10 requiring length of 4 bytes for 16 tracks. 

Further, in Fig. 15, the horizontal axis indicates disk capacity of 
the disk apparatus, and the vertical axis indicates buffer capacity 
required for holding the defect table information. The control rate 
indicates a rate of the defective sectors to the number of all sectors in 

15 the disk. For example, when the capacity of the disk apparatus is 20 
GB, the number of sectors is 39 M sectors, and the control rate is 0.1 %, 
then, the number of defective sectors is 39 K sectors, and the storage 
capacity for the defect table information becomes 625 KB, since one 
defective sector requires 16 byte. 

20 From these results, it is found that even when the buffer 

capacity of the disk apparatus is on the level of about 32 MB, it can 
sufficiently store the information in the case where the defect 
occurrence rate is on the level of an ordinary apparatus. From the 
above discussion, it is found that an efficient sector address generation 

25 apparatus for a disk apparatus can be realized without increasing 
buffer capacity for the defect table information concerned. For the 
sake of convenience, the above-described format for defect control 
information is referred to Type 1 hereinafter. 
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Next, a second embodiment will be described in detail taking 
an example where the embodiment is applied to the same magnetic 
disk apparatus and the magnetic disk shown in Figs. 12 and 13. The 
present embodiment takes an example where the defective track 
5 information is not provided, and the defect processing unit 1302 
performs defect control using defect table information only. Lengths 
(i.e., capacities) of defect elements for respective tracks are various. 
Thus, in the present embodiment, a fixed length part of table 
information, which indicates a physical address of a defective track, 
10 and a defect element having a variable length are held separately. 

An example of a format for a defect table information storage 
area is shown in Fig. IS. Further, an example of storing in the buffer 
is shown in Figs. 21 and 22. 

In Fig. 18, a defect table information storage area 1801, which is 
15 the part indicating a physical address of a track, contains a disk 
physical head number, a disk physical cylinder number, and a storage 
offset address indicating a storage address of a defect element. Defect 
table information storage areas 1801 are stored in the data buffer, in 
order of cylinder number of defective track. Further, a storage area 
20 1802 or 1803 for a defect element as a variable length part, is located at 
the defect element storage address. The defect processing unit 1302 
shown in Fig. 13 sequentially searches for parts of the defect table 
information, which indicate physical addresses of tracks, in order to 
know if a defect exists in the track concerned. When a defective track 
25 does not exist, a predetermined value is set for indicating that there is 
no defective track. By separately holding a track number (a disk 
physical head number and a disk physical cylinder number) and a 
corresponding defect element, a track number of a fixed length can be 
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searched for without depending on capacity of a defect element of 
each track/ making search by hardware easy. 

Further, in the present embodiment, by partitioning the area 
for storing defect elements, and by preparing a base address for each 
5 partitioned area, with selection of a partitioned area being indicated by 
a selection bit in the defect table information, it is possible to shift a 
storage location by a base address, and to cope with insufficiency of 
bits. 

Further, as shown in TYPE2-B, in order to know a boundary of 

10 a defect table element for each track, it is possible to provide an area 
for a defect byte count at the top of a defect element. Or, a special 
code (FFFFh in Fig. 18) indicating a boundary of a defect table element 
may be provided. 

In Fig. 21, "0" is selected as BASE0 (BASEJ3 - 0) from the defect 

15 table information 2101 for the disk physical head number 0 to the 
defect table information 2102 for the disk physical head number 1, 
selecting the base 0 of the defect table information storage address. In 
. the case of the defect table information 2103 for the disk physical head 
number 3, a new base address is provided by setting BASEp to "1" 

20 (BASEp - 1), to shift the base address to cope with deficiency of the 
storage space for defect elements. Thus, although the width of the 
storage offset address is limited to 16 bits, the buffer space can be used 
effectively. Further, the storage offset address does not need to have 
a bit width corresponding to the buffer space (for example, 25 bit 

25 width for 32 MB of buffer space), and it is not necessary to have an 
excessively large storage area for the defect table information. 

Further, the defect table information 2104 for the end disk 
physical head number is a dummy. By setting a number that exceeds 
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a track to be accessed by the head, the defect management architecture 
can be maintained as it is. This makes hardware implementation easy. 

In Fig. 21, the defect table information storage area has a 
storage area for each track number, and its address can be indicated as 
5 a defect argument storage address. Namely, there does not exists the 
defective track information that includes the defect existence 
information for all the tracks as shown in the first embodiment, the 
area is partitioned utilizing a track number (a disk physical head 
number and a disk physical cylinder number) to which the head is to 
10 access, 

In Fig. 21, the defect argument storage address 2105 for the 
disk physical head number 0, the defect argument storage address 2106 
for the disk physical head number 1 and the defect argument storage 
address 2107 for the disk physical head number 3 show respective 

15 storage addresses corresponding to disk physical head numbers. The 
defect processing unit 1302 shown in Fig. 13 searches the defect table 
information where defective tracks only are collected, to judge if the 
track to access is defective. Each piece of defect table information is 
stored in ascending order of the cylinder number of the defective track, 

20 and has a fixed size, thus making hardware search easy. 

Fig. 22 shows an example of the defective elements of the 
defect table information shown in Fig. 18. As shown in Fig. 22, the 
present embodiment can be realized only by track numbers of defective 
tracks and defect elements that do not include a track number. Thus, 

25 the defective track information can be deleted, and the buffer capacity 
can be decreased in comparison with the case where the defective track 
information is included. Similarly, the case of TYPE2-C in Fig. 18 can 
reduce the buffer capacity. Here, this format type is referred to as 
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TYPE2 in the following, as shown in Fig. 18 for the sake of 
convenience. 

Next, a third embodiment will be described in detail, similarly 
taking an example where the embodiment is applied to the magnetic 
5 disk apparatus and the magnetic disk shown in Figs. 12 and 13. In the 
present embodiment, the defective track number (the disk physical 
head number and the disk physical cylinder number) and the defective 
elements, which have been described in TYPE 2, are managed without 
separating them. In this case, data of the defect table offset address, 

10 which is shown in TYPE2 and relates the defective track information 
and the defect table information, is unnecessary, and thus, the buffer 
capacity can be made minimum. Further, update of an offset address 
owing to addition of a defect element is not required, and accordingly, 
this has the merit of reducing operation load on the MPU of the disk 

15 apparatus for which defect information is managed. 

Figs. 19 and 23 show the defect table information storage 
format in the present embodiment. In Fig. 19, a defect table 
information storage area 1901, which is a part showing a physical 
address of a track, has a defect physical head number, a disk physical 

20 cylinder number, a defect byte count, defective elements, and a defect 
byte count. Defect table information storage areas 1901 are stored in 
the data buffer in order of cylinder number of defective track. The 
defect processing unit 1302 shown in Fig. 13 sequentially searches only 
the parts indicating physical addresses of tracks in the defect table 

25 information, in order to know if a defect exists in the track concerned. 

Further, in Fig. 23, similarly to Fig. 21, the defect table 
information 2301 for the disk physical head number 0, the defect table 
information 2302 for the disk physical head number 1 and the defect 
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table information 2303 for the disk physical head number 3 are stored 
in order physical cylinder number of defective track. Further, there is 
provided a dummy defect table 2304 that indicates values exceeding 
the end disk physical head number and the end physical cylinder 
5 number. The defect processing unit 1302 retains access addresses of 
the defect table, and prepares for the next access to the adjacent track 
by comparing the largeness of the number of the track to access and the 
defective track numbers. Thus, owing to the dummy defect table 2304 
where the track number exceeds the maximum track number, access 

10 does not proceed exceeding the dummy table. 

Accordingly, control architecture is unified, and 
implementation of the control mechanism is easy. Further, in the 
present embodiment, the defect storage addresses 2305, 2306 and 2307 
for disk physical head numbers corresponding to physical head 

15 numbers do not have the defective track information. Accordingly, by 
selecting a defect storage address for a disk physical head number 
corresponding to a physical head number that the head is to access, a 
search time for the track concerned can be shortened. Thus, as 
described above, defect control information can be made of the defect 

20 table information only, so that the defective track information can be 
deleted, in contrast with the case where the defective track information 
exists, and the buffer capacity can be reduced. Here, for the sake of 
convenience, the format type shown in Fig. 19 is referred to as TYPE3 
in the following. 

25 Now, Figs. 16 and 17 show a sector number allocation system 

for continuous access in the disk apparatus. Fig. 16 is an explanatory 
view showing moving directions of the heads of the disk apparatus, 
and Fig. 17 shows a relation of movement between the cylinder 
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numbers and the head numbers. Figs. 16 and 17 take an example 
where the medium 1601 is partitioned into three zones 1602, 1603 and 
1604, and, in each zone, the number of cylinders is twenty and the 
number of heads is four. As shown in Fig. 17, when the sector 
5 numbers are allocated in such logical order that access is performed 
from the cylinder 0 to cylinder 19 of the head 0, and next, from the 
cylinder 19 to the cylinder 0 of the head 1 in the same zone, then, 
access performance of the disk apparatus is sometimes improved. 

In Fig. 17, when the encircled sectors in the area of the cylinder 

10 39 through cylinder 20 of the head 1 are continuously accessed, defect 
information for each track is searched in descending order. In the 
case of TYPE2 system where defect tables are accessed in order of 
adjacent tracks while track numbers (each consisting of a disk physical 
head number and a disk physical cylinder number) are arranged in 

15 ascending order, the defect tables should be sometimes searched in 
descending order in contrast to the ascending order. In the case of 
TYPE1 where the defective track information is prepared, both moving 
directions of the head can be dealt with by searching the defective 
track information. On the other hand, in order to search in the 

20 reverse direction in the case where only the defect table information is 
used, it is sufficient to provide the defect byte count at two locations, 
as shown in Fig, 19. By this arrangement, search of the defect table in 
question can be performed without using the defective track 
information. When the defect table for the current track is used for 

25 track processing, the defect processing unit 1302 takes in the defect 
byte count that exists 2 words above the current defect table, in order 
to find the preceding defect table. The information stored in that area 
shows the byte count of the defective elements, and accordingly, it is 
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possible to return to the preceding defect table, by returning the found 
byte count + 3 words (1 word means 16 bits). Thus, in the case of the 
reverse access direction shown in Fig. 17, the track number (the disk 
physical head number and the disk physical cylinder number) of the 
5 defect table can be found, and it is easily judged if a defect exists in the 
location that the head is to access next. 

Figs. 24 and 25 respectively show an explanatory diagram for 
the buffer storage capacity in the case of the above-described TYPE2 
and an explanatory diagrams for the buffer storage capacity in the case 

10 of the above-described TYPE3. And, Fig. 26 is an explanatory diagram 
showing comparison of numbers of times of accessing the buffer. 

Fig. 24 shows the buffer storage capacity in the case of TYPE2. 
It is considered the case where quantity of defect management 
information is largest, i.e. the case where there is one sector skip in one 

15 track. In this case, the number of defective sectors increases linearly 
depending on the capacity of the apparatus. Here, are shown the 
cases where defects exist at 0.1 % (ordinary case) and 1 % of the sectors 
of the disk. From the results shown, it is found that, in the case of 
0.1 % (defects in the sectors of an ordinary apparatus), capacity of the 

20 defect information ends in 3.8 MB, i.e., a little over 10 % of the buffer 
memory size 32 MB, even when the capacity of the apparatus is 120 GB. 

Further, Fig. 25 shows the case of TYPE3 where a defective 
track number and the corresponding defective elements are put in a set. 
In the same conditions as in the Fig. 24, capacity of the defect 

25 information ends in 4.2 MB, i.e., also about 13 % of the buffer memory 
size 32 MB. 

Further, Fig. 26 shows states of the number of times of accesses 
for defect search of the buffer in TYPE1, TYPE2 and TYPE3. In Fig. 26, 
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the horizontal axis indicates the place in the sequence of storage, i.e., 
indicates where the defect table information of the track information in 
question exists, counting from the top of the defect table information. 
And, the vertical axis indicates the number of times of buffer accesses 
5 required for reaching the track information. In fact, quantity of data 
transfer in accessing the buffer is not taken into consideration. 
Further, it is assumed that a defect exists for each track. In Fig. 26, it 
is found that, in the case of TYPE1 where the information indicating 
existence of defects is prepared for all the tracks, the number of times 

10 of accessing the buffer is largely suppressed. In the other cases, the 
number of times of accessing the buffer increases linearly depending 
on the storage depth of the defect table information. 

Next, a variation of the first embodiment will be described. 
The present embodiment shows a method of preventing relative 

15 increase of the defective track information, which indicates existence of 
defects for all the tracks, as the apparatus capacity increases. In the 
case of TYPE1, one bit indicates defect information for one track. On 
the other hand, in the present embodiment, one bit indicates defect 
information for a plurality of tracks. In this case, when there exists 

20 one or more defective tracks in a plurality of tracks, the value "1" is set 
to indicate existence of a defective track or defective tracks. As 
shown in Fig. 27, an R-SHIFT register 2601 is provided, and, by shifting 
a track number, the tracks are partitioned into groups each consisting 
of a plurality of tracks. 

25 Further, Fig. 28 shows a method where a storage base address 

BASEa 105 for the defective track information is selected based on a 
physical head number, and a physical cylinder information DP-CYL is 
shifted by means of the R-SHIFT register 2601. In order to compress 
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the defective track information, the number of tracks expressed by one 
bit is decided in advance, and a shift amount is decided based on the 
number of tracks expressed by one bit. 

Fig. 29 shows which physical cylinders are covered by each bit 
5 of the defect existence information in a defective track element 2901. 
Fig. 29 shows an example where defect existence information is shown 
for each four cylinders, i.e., four tracks. 

Fig. 30 shows an example of the case shown in Fig. 29. Fig. 30 
shows a case where defective tracks exist actually in the bit 5 (for the 

10 cylinders 19 - 16) and in the bit 13 (for the cylinders 55 - 52). In this 
case, similarly to TYPHI, the defect table information storage address 
for the bit 5 is stored as the defect table storage address. 

According to the present embodiment, defective track 
information of the defect control information can be compressed, and 

15 the buffer capacity can be reduced. Here, for the sake of convenience, 
the format type shown in Fig. 29 is referred to TYPE4 in the following. 

Fig. 31 shows summary of the defect control systems of TYPE1 
- TYPE4. As shown in Fig. 31, in the cases of TYPE1 and TYPE4, the 
number of times of accessing the buffer can be limited and uniformed 

20 without depending on a storage location of the defect table information. 
It is found that TYPE4 can suppress increase of the volume of the 
defect management information also, and its architecture is suitable for 
implementation by circuit. Such evaluation criteria change depending 
on a system to realize, and the best system for each apparatus can be 

25 selected. 

The values in the above description have been used for the sake 
of convenience of describing examples/ and do not limit those 
embodiments. 
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As described above, according to each embodiment described 
above, defect control can be performed efficiently. In the case where 
an area of defect existence information and the corresponding area of 
pointer information are stored in a set for each range of the same tracks, 
5 the defect existence information and the pointer information in the case 
of existence of a defect can simultaneously taken in by one time of 
access to the buffer having the bus width of several bytes. Thus, 
deterioration in data transfer ability of the buffer can be suppressed to 
the utmost. Further, since the defect existence information for n 

10 tracks (n is an integer larger than or equal to 2) is expressed in one unit, 
the defect existence information can be reduced to l/n, and the buffer 
capacity can be reduced. Further, by expressing the defect pointer 
information corresponding to the defect existence information as an 
offset from a base address whose argument is a track accessed by the 

15 heady it is not necessary that the all the buffer space is covered by the 
bit width of a pointer address of the defect table information used for 
defect control, thus reducing the buffer capacity. 

As described above, the present invention can realize a disk 
apparatus in which defect control can be performed efficiently, and can 

20 reduce the volume of the control information furthermore. 
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